(43) m&'AM b 
2003 #9 ft 18 B (18.09.2003) 




PCT 



(10) gBS4tlffl#-f§- 

WO 03/076410 Al 



(51) SBS^If^S 7 : 

(21) HfBfflflS^-: 

(22) HBSaUB: 

(25) gf&aj&©WI§: 

(26) SI£^llfl<D&I§: 



C07D 231/56 

PCT/JP03/02862 
2003 ^3 n 11 B (11.03.2003) 
B*S 



(30) 

1#il2002-66l6l 2002 ^3 1 1 B (1 1.03.2002) JP 

(71) mmx(*mz®i<±xo>f2&miz'D^x):mm&m 

fi»*3Sffl (JAPAN SCIENCE AND TECHNOLOGY 
CORPORATION) [JP/JP]; =r 332-0012 IftSft JllOifi 
*HI 4 T i 1 S 8 % Saitama (JP). 

(72) 3gefl#;fc«fctf / 

(75) S§W#/tiiKA ffiCO^t©^: *tt & 
(KOBAYASHI,Shu) [JP/JP]; T 101-0064 JBSlIU Ttt 
BE ©3£HT 1-6-6-7 0 2 Tokyo (JP). OlT 3S3t 



(YAMASHITA,Yasuhiro) [JP/JP]; T 113-0024 ^SCfiS 
££IZffitt2-1 6-8 -9->/<UX2 O 3 Tokyo (JP). 
5© SfiP (ISHITANLHaruro) [JP/JP]; T 113-0033 X 
S«P XSB 1-3 0-1 3 57 fcJUX*8S 

4 0 2 Tokyo (JP). 

(74) ftSA: Hj? fij * (NISHIZAWA.Toshio); T 150-0042 
SiSS ^BaJIIBT 3 7-1 O {ftCbf;U6Pg 

Tokyo (JP). 

(81) «5£S(S«): JRUS. 

(84) JiffiS 3 - n *y /^ItPF (AT, BE, BG, CH, CY, 

CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, 
NL, PT, RO, SE, SI, SK, TR). 



= (54) Title: PROCESS FOR ASYMMETRIC INTRAMOLECULAR [3+2] CYCLO- ADDITION OF HYDRAZONES 



(54) 36SB(D€*fc: t h*7 l/XD^tt^fl [3 + 2] &4btt»]J5J£;&& 



O 




(H) 



(57) Abstract: Intramolecular [3+2] cycloaddition of a hydrazone 
derivative can be carried out under mild conditions with high 
stereoselectivity and in high yield by subjecting a hydrazone derivative 
to reaction in the presence of an asymmetric catalyst system obtained 
by mixing a zirconium alkoxide represented by the general formula (I): 
Zr(OR) 4 [wherein R is an optionally substituted hydrocarbon group] 
with a binaphthol derivative represented by the general formula (II): 
(D) [wherein Y 1 and Y 2 are each independently hydrogen or halogeno, 
with the proviso that at least either of Y 1 and Y 2 is halogeno]. 
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m 1 



Zr(OR) 4 /mol% 


RIMOI / mnl% 


Additive / mol% 


? (%) 


ee / % 


Zr(0 Bu) 4 / 


1 A 
It) 


(R)-3,3'-Br 2 BINOL/10 




82 


71 


Zr(O l Bu) 4 /" 


10 


(R)-3,3'-Br 2 BINOL/20 




86 


75 


z^o'buw 


10 


(R)-3,3'-Br 2 BINOL / 20 


PrOH / 20 


»u 


12. 


Zr(O t Bu) 4 /" 


10 


(R)-3,3*-er 2 BINOL/20 


PrOH / 50 


80 


90 


Zr(O l Bu) 4 / 


10 


(R)-3,3 , -Br 2 BINOL/20 


PrOH/ 100 


90 


92 


Zr(O l Bu) 4 / 


10 


(R)-3,3'-Br 2 BINOL/20 


CF 3 CH 2 OH / 50 


55 


89 


Zr^Bu^/ 


10 


(R)-3,3'-Br 2 BINOL/12 


PrOH / 50 


92 


93 


Zr^Bu^/ 


10 


(R)-3,3'-Br 2 B1NOL/12 


PrOH / 50, H 2 0 / 20 


70 


78 


Zr(O n Pr) 4 / 


10 


(R)-3,3'-Br 2 BINOL/12 




82 


92 



g|l«fc*K Zr(0 l Bu) 4 £ittr!B5£ (II) l^^TY^tBr i^M) 
oTY 2 ^7K^M^Tfe-5 3. 3'-Br 2 BIN0L bt# S> tlSM^m £ 

[3 + 2] ^{b#iras^^iifTT§c: t^lSM^tifco T)Vn 

—)l>& Zr(0 l Bu) 4 CtLT 5~ 1 0 S*^JH bfc^T«, 4W:|3 
W fa -t U = 

HJMiic&^t, ttin^^iu, ^unc^Sj&a; (B) tc^o 

S2^e>BJ5,^^:J;5^> MIB^: (ID fc^TY^.fcOT 2 ;^^ 

b r i nmimmi^^m^rzmm^\t. -mr)vu~-)i 

Zr(O n Pr) 4 /10mol% 
H M BINOLs/ 12^01% M H m O 

Me Me Me f . "^^T^Vl (B) 

JWU H ° CH 2 C, r.t. ^Th Me ^NQ 2 
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Additive /mol% 
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ee / % 


(Rj-a.s'AS'-BuBiNOL 




6h 


82 


71 


(R)-3,3 , ,6 > 6 , H 4 BINOL 




6h 


86 


75 


(R)-3,3' I 6,6 , -Br 4 BINOL 


PrOH / 50 


4h 


90 


72 


(R)-3,3',6,6M 4 BINOL 


PrOH / 50 


4h 


80 


90 


(R)-3,3 , ,6,6M 4 BINOL 


PrOH / 50 


11 h 


90 
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NO Zr(O n Pr) 4 /10mol% 

(R)-a.3 , .6,6*H4BINOL /1 2 mol% 
PiOH /50 mol% 

CH 2 Cl2, r.t. 




(C) 



* 3 







Hydrazone 


Time 


(c is/trans) ee/% 


R 1 


R 2 


R 3 


1 


Me 


Me 


Me 


4.5 h 


99 (<1 / >99) -/99 


2 


Me 


Me 


Me 


12h 


87 (<1 />99) -/90 


3 


Me 


Me 


H 


20 h 


70 (1 7 / 83) dr cis: 99/1 trans: 98/2 


4 


Me 


Me 


H 


24 h 


77 (84 / 1 6) dr cis: 8/92 trans: 73/27 


5 


Me 


H 


H 


64 h 


.62(29 / 71) 13/92 



6 Me sHjN'V^ 12h 91(<1/>99) -/97 
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R 4 =M e , X = - CH 2 -) #®<D^^;i/B I NO L CiilOfe 

Kjfcteu ch 2 c l 2 ^^^ic:^ViT, ^il-e4~ l nfcWfr^fc. & 

^tp<Db\% 1 Omol%T&£ £ c « 5 0iollTf*5 21 d 




(fi)-2a:Y I =H,Y z =Br 
(i?)-2b: Y'=Br, Y^H 
(R)-2c: Y'sl, Y 2 ^. 
(R)-2d: Y'=I, Y2=I 



ir: R l =R2=-SCHi3l2S-, R^R^H, X=-CH 2 - 
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^ 4 



entry 


Zr(OR) 4 6 


BINOL/mol % 


additive 


yield/% 


ee/% 


1 


Zr(0'Bu)4 


2a/20 




35 


9 


2 


Zr(OfBu) 4 


2b/20 




86 


75 


3 


Zr(0'Bu) 4 


2b/12 


PrOH c 


92 


93 


4 


Zr(OPr) 4 


2b/12 




82, 56*86* 


92, 93 d ,95 e 


5 


Zr(OPr) 4 


2c/12 




86 


92 


6 


Zr(OPr) 4 


2d/12 


PrOH' 


99 


96 



Z r (OP r) 4 .(1 OmolX), (R) -2d (1 2mol%) 
^j;U!PrOH (5 0mol*) (Dmmm^m^. S«lC*ViT#at 

fc43, entry5:fe<fctf 6*T?», B I NOLiLT (R) - 2 Ctfm^ 
Ml&^2 0mol%-t?&3 d m^SS"efe 3 & 3 C 2: &\ e 

tuMam-fc** (4) ft»te*msn&c£*«, 4ot 

g 5 









yield/% 


ee/% 


entry 


hydrazone 


solvent, time 


{cisArans) 


(frans) 


1 


la 


CH 2 C1 2 , 4.5 h 


99(<l/>99) 


96 


2* 


la 


CH2CI2, 12 h 


87 (<l/>99) 


90 


3 * 


la 


benzene, 28 h 


70(<l/>99) 


95 




lb 


benzene-CH 2 Cl 2 , 64 h 


62 (29/71) 


92 


5 C 


lc 


CH2CI2, 12 h 


91 (<l/>99) 


97 


6 


Ifd 


benzene, 1 h 


57'(<l/>99) 


72 




lg 


benzene, 21 h 


38(<l/>99) 


81 


8 c -« 


lh 


benzene, 1 h 


73 (11/89) 


90 




12 



WO 03/076410 PCT/JP03/02862 

&Jfc<Dttm Lenten F ^ UT3fc©ra£ttT!*S 



13 



WO 03/076410 




PCT/JP03/02862 



(3aS JaS)-3^^6-Teti^ethyl-2-(p-iiitrobenzoyl)indazolidine (3a): [a],, 29 -^^ (c 
1.01, CHa 3 , 99% ee (after recrystallization)). IR [cm -1 ] (KBr) 3466, 2905, 2870, 1636, 
1601, 1518, 1466, 1397, 1385, 1345, 1310. 'H NMR (CDC1 3 ) 8 = 0.92-1.02 (m, 1H), 
0.96 (s, 3H), 1.00 (s, 3H), 1.21-1.28 (m 2H), 1.43 (ddd, 1H, 7 = 12, 12, 4.6Hz), 1.47 (s, 
3H), 1.61 (m, 2H), 1.65 (s, 3H), 1.75 (dd, 1H,7 = 12, 3.4 Hz), 2.84 (ddd, 1H,7 = 13, 12, 
3.4 Hz), 3.28 (d, 1H, 7= 13 Hz), 733 (d, 2H, 7 = 8.6 Hz), 8.19 (d, 2H, 7 = 8.6 Hz); ,3 C 
NMR (CDC1 3 ) 8 = 19.6, 20.4, 25.6, 25.9, 31.9, 32.7, 38.8, 413, 57.7, 60.9, 65.3, 122.8, 
128.8, 143.8, 147.8, 165.5. MS (m/z) 331 (M*)- Anal, calcd for CuH^NA : C, 65.23; 

H, 7.60; N, 12.68, found : C, 65.24; H 7.79; N, 12.72. HPLC : Daicel Chiralpak AD, 
hexane/PrOH = 9/1, flow rate = 1.0 mL/min : f R =20.8 min (3aS,7aS), f R = 39.4 min 
(3aK,7aK). 

frans-33-Dimethyl-2-(p-iiitrobeiizoyl)indazolidine (3b): IR [cm -1 ] (KBr) 3107, 1630, 
1600, 1523, 1455, 1405, 1384, 1344. 'H NMR (CDC1 3 ) trans isomer: 8 = 1.05 (m, 1H), 

I. 20-1.35 (m, 4H), 1.44 (s, 3H), 1.64 (s, 3H), 1.75 (m, 1H), 1.85-1.90 (m, 2H), 2.05 (m, 
1H), 2.62 (br, 1H), 3.79 (br, 0.8H), 7.72 (d, 1H, 7= 8.8 Hz), 8.19 (d, 1H, 7 = 8.8 Hz); 
13 C NMR (CDC1 3 ) trans isomer; 8 = 19.5, 24.2, 24.4, 25.5, 26.0, 28.7, 60.3, 60.8, 65.4, 
122.9, 128.8, 143.9, 147.9, 165.6. MS (m/z) 303 (M+). Anal, calcd for C 16 H 2 ,N 3 0 3 : C, 
63.35; H, 6.98; N, 13.85, found : C, 63.41; H, 6.93; N, 13.58. HPLC : Daicel Chiralcel 
OJ, hexane/PrOH =19/1, flow rate = 1.0 mL/min-: t R = 44.5 min (minor), f R = 54.2 min 
(major). 

frans-6,6-EtbyleneditWo33-Dimethyl-2-(p-nitrobenzoyl)indazoIidine (3c): IR [can* 
'] (KBr) 3438, 3206, 1625, 1596, 1524, 1422, 1345. 'H NMR (CDC1 3 ) 8 = 1.33 (dt, 1H, 
7= 12, 3.1 Hz), 1.47 (s, 3H), 1.55 (m, 1H), 1.67 (s, 3H), 1.64-1.86 (m, 2H), 1.97 (td, 
1H, 7=13, 3.8 Hz), 2.31 (ddd, 1H, 7= 14, 5.1, 3.2 Hz), 2.49 (ddd, 1H, 7= 12, 3.1, 1.7 
Hz), 3.33 (s, 4H), 3.88 (d, 1H, 7= 13 Hz), 7.73 (d, 2H, 7= 8.8 Hz), 8.20 (d, 2H, 7= 8.8 
Hz); 13 C NMR (CDC1 3 ) 8 = 19.5, 23.5, 26.0, 38.3, 39.4, 42.3, 44.7, 59.3, 60.2, 65.3, 
66.4, 122.9, 128.9, 143.6, 147.9, 165.6. MS (m/z) 393 (M*). Anal, calcd for 
C^NA: C, 54.94; H, 5,89; N, 10.68, found, C, 54.87; H, 6.01; N, 10.66. HPLC : 
Daicel Chiralpak AD, hexane/PrOH = 4/1, flow rate =1.0 mL/min : r R = 20.7 min 
(major), r R = 44 min (minor). 
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fr<nw-3^-Ethylenedithio-2-(p-nitrobenzoyl)inda2olidine (3f): IR [cm 1 ] (KBr) 3442, 
3183, 1627, 1403. 'H NMR (CDjCy 5 = 1.10 (ddd, 1H 7=12, 12, 3.8 Hz), 1.25-1.42 
(m, 2H), 1.68 (m, 1H), 1.8-2.1 (m, 5H), 2.54-2.69 (m, 1H), 3.15 (td, 1H, 7 = 11, 4.8 Hz), 
3.28 (m, 1H), 3.70 (m, 1H), 3.98 (br, 2H), 7.32-7.42 <m, 3H), 7.52-7.56 (m, 2H); ,3 C 
NMR (CDzQj) 8 =24.4, 25.0, 25.1, 28.6, 39.5, 42.5, 61.2, 62.3, 92.0, 127.6, 127.9, 
129.6, 137.66, 166.0. MS (m/z) 320 (M*). Anal, calcd for C^^OSj : C, 59.96; H, 
6.29; N, 8.74, found, C, 59.94; H, 6.36; N, 8.71. Daicel Chiralcel OD, bexane/'PrOH = 
4/1, flow rate = 1.0 mL/min : r R = 19.4 min (minor), f R = 30.3 min (major). 
6-ans-33,6,6-Tetramethyl-2-(p-nto 

IR [cm" 1 ] (KBr) 3197, 1612, 1595, 1522, 1480, 1430, 1384, 1348, 1318. 'HNMR 
(CDCI 3 ) 8 = 1.24 (s, 3H), 1.2-1,3 (m, 1H), 1.29 (s, 3H), 1.48 (s, 3H), 1.56 (ddd, 1H, / = 
11, 11, 3.9 Hz), 1.71 (s, 3H), 1.94 (dd, 1H, 7 = 12. 3.7 Hz), 3.0 (br, 1H), 3.63 (dd, 1H, 7 
= 11, 11 Hz), 3.84 (dd, 1H, 7 = 11, 4.1 Hz), 3.8 (br, 1H), 7.72 (d, 2H, 7= 8.8 Hz), 8.19 
(d, 2H, 7= 8.6 Hz); l3 C NMR (CDd 3 ) 8 = 19.8, 22.9, 26.3, 31.3, 39.9, 56.4, 58.7, 60.8, 

64.6, 72.5, 122.9, 128.2, 143.5, 148.0, 165.6. MS (m/z) 333 (M*). Daicel Chiralcel 
OD, hexane/'PrOH = 19/1, flow rate = 1.0 mL/min : r R = 32.6 min (major), f R = 37.4 min 
(minor). 

fra7M-3,3'-Dimethyl-2-(>-nitrobenzoyl)-2 r 3^a,4,9,9a-hexahydro-lH-benz[/]inda2ole 
(3h): IR [cm' 1 ] (KBr) 3195, 1617, 1590, 1523, 1484, 1438, 1383, 1349, 1318, 1290. , H 
NMR (CDC1 3 ) S = 1.58 (s, 3H), 1.76 (s, 3H), 1.87 (ddd, 1H, /= 12, 12, 5.4 Hz), 2.58 
(dd, 1H, /= 15, 1 1 Hz), 2.9 (m, 1H), 2.91 (dd, 1H, 7= 16, 5.6 Hz), 3.12 (m, 1H), 3.20 
(dd, 1H, /= 15, 5.4 Hz), 4.04 (dbr, 1H, /= 12 Hz), 7.1-7.2 (m, 4H), 7.76 (d, 2H 7= 8.6 
Hz), 8.20 (d, 2H 7= 8.5 Hz); a C NMR (CDC1 3 ) 8 = 19.7, 26.3, 28.6, 33.1, 56.3, 57.8, 
65.4, 122.9, 126.4, 126.6, 128.8, 129.6, 129.7, 133.0, 134.8, 143.7, 147.9, 165.4. MS 
(m/z) 351 (M 4 ). Anal, calcd for CaH^NaOj : C, 68.36; H, 6.02; N, 11.96, found : C, 
68.55; H, 6.05; N, 12.00. HPLC (trans isomer): Daicel Chiralpak AD, hexane/'PrOH = 
9/1, flow rate = 1.0 mL/min : t K = 35.9 min (major), f R = 41.8 min (minor). 
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u±<Dt&v<D C3 + 2] tfmm{kKm\z&\,*Tnt>n%mkmz. 

^(D%<D&fchmi%m^fc'&®-e&%&. (E) <D£5\Z, N-N 

t a* pi t & £ t ^ n 3 , 




(E) 



(SMI 2 ) ZftrnZ^tctZLZ. tilfc^^T- h 'J § C 

ftTfc&^T, iia>&#^te<hJK^Tfc F^V^^^ft [3 + 2] 
^^#JnS^trff 5^ii$n5. Z.(D&^1z^ft=f-n [3 + 2] 
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